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MARBLE 


This unit consists of eight marble speci¬ 
mens, one of which is polished, and this 
explanatory booklet. 

All of us know what marble looks like 
and have seen examples of its many uses 
in great works of art, beautiful buildings 
and ornate decorative pieces. We have 
visited art galleries and admired the mar¬ 
ble statuary, have visited or read about 
the most beautiful and expensive of 
tombs, the Taj Mahal in India constructed 
of white marble, and admired exquisite 
works of art carved from fine translucent 
marble. How many of us have given 
thought to its chemical nature and its 
origin, or how time and chemistry have 
combined to produce this most beautiful 
of rocks? 

There is a fascinating story behind mar¬ 
ble and its beauty that the specimens and 
experiments in this unit will help you 
discover. 

Experiment 1. First examine your 
samples and identify each by its color. 

WHITE—Has large shiny crystals and 
comes from Georgia. 

BUFF—A travertine marble imported 
from Italy. 
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GRAY—Fine-grained marble from 
Tennessee. 

PINK—Soft pink shade, from Ten¬ 
nessee. 

RED—Mottled with uneven coloring, 
from Tennessee. 

GREEN—Serpentine marble from 
Vermont. 

BLACK—A Tennessee marble, dark 
and streaked with white. 

POLISHED MARBLE—Has a highly 
polished mirror-like surface. 

SOURCE 

Experiment 2. Note that the marble 
samples in this unit are from three differ¬ 
ent states in the United States and from 
Italy. Look at each specimen carefully and 
note its appearance. Each specimen is 
characteristic of the location from which 
it was obtained. 

The important deposits of marble in 
this country are found in the Appalachian 
belt in the East and the Rocky Mountains 
and Coast Range in the West. The 
Appalachian belt which begins at the 
Canadian border in northern Vermont 
extends southward down to Alabama, pass¬ 
ing through Tennessee and Georgia. 

The white specimen from Georgia is 
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a good example of statuary marble. These 
marbles contain 93 to 99 percent calcium 
carbonate and are used both for interiors 
and exteriors. A notable example of their 
use is the sculptured figure of Abraham 
Lincoln in the Lincoln Memorial in 
Washington, D. C. 

Experiment 3. Look at your samples 
from Tennessee and observe their color¬ 
ings. Tennessee marbles range in color 
from black through various shades of 
pink and red. 

Most of the famed marbles of Tennes¬ 
see are actually limestones, notably pure 
and having a calcium carbonate content 
of up to 99 percent or more. Fragments 
and disintegrated fragments of shells are 
the chief components. Marbles from this 
state are used for both interiors and ex¬ 
teriors. An example of the latter is the 
beautiful pink marble of the National 
Gallery of Art in Washington, D. C. 

Experiment 4 . The most productive 
marble area in Vermont is in the eastern 
section of the Appalachian Mountains at 
West Rutland. The marbles from this area 
vary in shade from white through bluish 
shades to greens. Some Vermont marbles 
because of their high resistance to abra- 
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sion are useful as floor tile or stairs. In 
the rotunda of the National Gallery of 
Art green marble from Vermont and gray 
marble from Tennessee form the flooring. 
Your sample of Vermont marble is ser¬ 
pentine, a form of marble containing mag¬ 
nesium silicate. 

Experiment 5. Examine your sample 
from Italy. Today, as in the days of the 
ancient Roman Empire, Italy is famous 
for its marble. The most famous statuary 
marble is the Carrara marble from Italy 
and is the best known foreign marble 
used in the United States. The great sculp¬ 
tures of Michelangelo were carved from it. 
The marble in your unit from Italy is 
travertine marble, large quantities of 
which are shipped to the United States. 
Travertine marble was used in the con¬ 
struction of the Roman Coliseum almost 
2,000 years ago. 

ORIGIN AND TYPES 

Experiment 6. Examine the physical 
appearance of each of the marble speci¬ 
mens carefully. Do they appear the same 
except for their color? You will find that 
each specimen is quite different in struc¬ 
ture from the other. The buff-colored mar¬ 
ble is finer grained than the white, the red 
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marble is mottled, while the black speci¬ 
men is streaked with white. Why are they 
so different? 

True marbles are those rocks that orig¬ 
inated from limestone, chemically calcium 
carbonate (CaCOa), or from dolomite, 
which is limestone containing magnesium 
[CaMg(C0 3 ) 2 ]. These are classed as 
metamorphic rocks because they have 
undergone great changes under pressure 
and heat. 

However, the term marble is commer¬ 
cially applied to all calcium carbonate or 
calcareous rocks that take a polish. Even 
serpentine marbles, although they contain 
little calcium or magnesium carbonate, 
are included as marbles. 

Marbles may be classified into three 
groups. The first group, by far the largest, 
group comprises recrystallized limestone 
and dolomite. 

Experiment 7. Look at your piece of 
white marble and notice its crystalline 
nature. It is composed of almost pure cal¬ 
cium carbonate and was formed millions 
of years ago at the bottom of a great sea. 
It is the product of countless billions of 
shellfish that extracted calcium from sea 
water to form their protective covering of 
calcium carbonate. The shells of these 
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marine animals collected through the ages 
on the ocean floor and built up great beds 
of limestone. The limestone gradually 
hardened by compaction into solid rock. 

Heat, pressure and the extensive fold¬ 
ing of the earth's crust as it formed its 
mountains and valleys in the geologic past 
caused the limestone to recrystallize and 
change into marble. The crystals of cal¬ 
cium carbonate, or calcite, are visible in 
marble, while in limestone the calcium 
carbonate is granular and does not appear 
in crystalline form. The calcite crystals in 
marble are clearly visible to the naked 
eye in your specimen of white marble. 
Thus the mountains of marble from which 
your specimens were quarried were once 
deep under water. Upheaval of the earth 
brought the marble to the surface. 

Limestone contains many fossil remains, 
but the fossils were obliterated during 
metamorphosis of the limestone into 
marble. 

Heat and pressure are not always nec¬ 
essary to recrystallize limestone into mar¬ 
ble. Sometimes time and circulating water 
will cause some crystallization. Marble of 
this type is fossiliferous or subcrystalline 
and contains many fossil remains. These 
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marbles take a good polish and the fossils 
add to their decorative quality. 

Tennessee marbles contain many fos¬ 
sils, chiefly crinoids and bryozoa. 

Experiment 8. See if you can find any 
fossils in your marble specimens. A mag¬ 
nifying glass will be helpful. 

Experiment 9. Note the travertine 
marble from Italy. This marble is closely 
related to the second group of marbles 
known as onyx marbles. 

Onyx marbles are among the most 
beautiful rocks. These marbles are the 
result of solution and precipitation. They 
are the stalactites and stalagmites of caves 
found in limestone areas. Because of the 
way in which they are formed, their color 
formations are concentric producing many 
varieties of color and design. A famous 
form of marble of this type is Mexican 
onyx. 

Stalagmite marbles are usually found in 
various shades of yellow and brown, the 
coloring being due to iron oxides. 

Travertine like onyx marble is formed 
by solution and precipitation. However, 
it is usually associated with hot springs. 
In areas where limestone is plentiful, the 
water of the hot springs, as it passes up- 
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ward, dissolves calcium carbonate and 
deposits it when it reaches the surface 
and cools. A famous deposit of travertine 
is found at Mammoth Hot Springs in 
Yellowstone National Park. It is a porous 
marble with many holes or cavities on its 
surface. These may vary from pinhole size 
to cavities one-half inch wide. This marble 
usually does not take as high a polish as 
other marbles. 

Notice the holes in your sample. See 
how irregular in size they are. 

Experiment 10. The serpentine mar¬ 
ble from Vermont in your unit belongs 
to the third group of marbles. It is usually 
dark green, as is your specimen, and de¬ 
rives its name from its snake-like pattern. 
Note the dark and light streaks which are 
typical. Notice the difference in its struc¬ 
ture from the other marble specimens, 
especially as compared with your traver¬ 
tine sample. Look carefully and you will 
find that it has a platy or layered appear¬ 
ance, although it does not have definite 
cleavage when broken. Some specimens 
show this more clearly than others. 

Serpentine, when pure, is chem¬ 
ically a hydrous magnesium silicate 
[Mg 3 Si 2 0 5 (OH) 4 ] . It is commonly 
formed by contact metamorphism, the 
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heating of basic igneous rocks rich in 
olivine, or magnesium silicate by another 
vein or shoot of molten igneous rock. 
Heat from the earth’s magma acts with 
water upon olivine and other magnesium 
silicates causing them to become trans¬ 
formed into serpentine. 

Since magnesium silicates are widely 
distributed, serpentine marbles are com¬ 
mon. A massive green variety of serpen¬ 
tine marble marked with white is known 
as verde antique, and is used for decora¬ 
tive purposes. The specimen in your unit 
is a serpentine marble but not of this 
variety. 

PHYSICAL PROPERTIES 

Experiment 11. Examine the surface 
of your marble specimens carefully and 
notice the granular structure. Marble is 
characterized by having grains or crystals 
large enough to be seen with the unaided 
eye. Can you see the granules in your 
sample? Take a magnifying glass and you 
will be able to see them better. 

Experiment 12. Hold the marble 
pieces against the light and you will see 
sparkling crystals in each of them. Note 
how the crystals vary in size in the speci¬ 
mens. They are largest in the white mar- 
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ble. Examine them under a magnifying 
glass and notice the flat surface of the 
larger crystals. 

Most of the crystals are calcite, pure 
calcium carbonate (CaCC> 3 ), which is the 
main constituent of marble, as mentioned 
before. Calcite crystals in marble may 
measure up to one-half inch in some spec¬ 
imens. These crystals are formed during 
the metamorphosis or transformation of 
limestone into marble. 

The smooth surface visible on the larger 
crystals shows that calcite breaks in a 
definite plane, or shows a distinct cleav¬ 
age. When broken, calcite crystals have 
three directions of cleavage, none of which 
is at right angles to each other since cal¬ 
cite crystals are rhombic in structure. 

Experiment 13. Break a piece off one 
of your specimens with a sharp tap of a 
small hammer and chisel or kitchen uten¬ 
sil. Notice the broken surface of the mar¬ 
ble. Is it smooth or irregular? Does the 
marble break in any definite direction? 
Take another sample and break a piece 
off of this also. In both instances you will 
find that the broken pieces show irregular 
surfaces. This massive structure and the 
lack of a distinct cleavage is another char¬ 
acteristic of marble. 
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Although each calcite crystal within the 
marble has definite angles of cleavage, the 
marble itself, since it is not a solid crystal 
of calcite, does not have a cleavage plane. 

Experiment 14. Some marbles are 
translucent. Hold your white marble up 
to the light. Does the light penetrate this 
specimen? You will find that the white 
marble will allow some light to pass 
through it. In the best translucent marble, 
light will penerate from one-half to one 
and one-half inches. Translucent fine¬ 
grained varieties are used for statuary and 
other works of art. 

The soft luster of marble statuary is 
due to its translucence. The light that 
passes through the marble to a certain 
depth is reflected back by the crystals 
within the marble producing this effect. 

Experiment 15. Hold your other spec¬ 
imens up to the light? Are any others 
translucent? 

Experiment 16. Test the porosity of 
each of the marble specimens by placing 
a drop of water on the rough surface. 
Some of the specimens will absorb water 
more quickly than others. Notice how 
much more porous the travertine marble 
is than the other specimens. Place a drop 
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of water on the specimen with the pol¬ 
ished surface. The water is not absorbed 
at all on the polished face. Polishing mar¬ 
ble, besides adding to its beauty, protects 
the surface and makes it more durable. 

In general, the Tennessee marbles have 
low porosity with about 0.5 percent or 
less pore space. Marble has the lowest 
porosity of any natural building stone. 
Since a porous surface will collect dust 
and soot, marble is used quite often for 
exteriors. 

Experiment 17. Test the hardness of 
marble. Hardness of minerals and rocks 
may be defined as the resistance of their 
surface to abrasion. In marble this is an 
important property, especially when used 
for steps or floors. 

The hardness of marble can be checked 
against Mohs’ scale of hardness. This is 
an empirical scale in which the relative 
hardness of minerals is designated by 
numbers, one through ten. Number one 
is assigned to talc, the softest of minerals, 
and ten to diamond, the hardest. By 
checking the resistance of marble to 
scratching, its relative position in the 
hardness scale can be determined. 

Take each of your pieces and try 
scratching with a pen knife or similar 
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knife. Can you scratch all your specimens 
with the knife? Can you scratch any of 
them with a copper penny? With your 
fingernail? 

If you can scratch the specimen with 
your fingernail, its hardness is 2.5 or less, 
with a copper penny, 3 or less and with 
a pocket knife, 5 or less. 

You will find that marble is one of the 
softer rocks and can be easily scratched 
with a knife. It has a hardness of about 
3 according to Mohs’ scale. Dolomite 
marble is harder than limestone marble 
and is about 3.5. Quarzite, a similar ap¬ 
pearing silicate rock, is too hard to scratch 
with a knife. This is one way to tell mar¬ 
ble from quarzite. 

CHEMICAL NATURE 

Experiment 18. Marble is composed 
primarily of calcium carbonate and for 
this reason most marbles will effervesce 
or bubble in dilute acid. 

Pour a little dilute acid, such as hydro¬ 
chloric acid (obtainable at a drug store 
with a note from parent or teacher) 
vinegar (acetic acid) or lemon juice 
(citric acid) into a shallow container, a 
dish or even a spoon. Place one end of 
your gray marble specimen into the acid. 
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What happens? You will see tiny bubbles 
form on the surface of the marble. This 
bubbling is known as effervescence. The 
acid reacts with the CaCOs of the marble 
and carbon dioxide gas is released. The 
reaction is shown below: 

CaCOs + 2HCl>CaCl 2 + C0 2 + H 2 0 

calcium hydrochloric calcium carbon water 
carbonate acid chloride dioxide 

Dolomite marble, containing magne¬ 
sium, as distinguished from calcite marble, 
will effervesce in dilute acid only very 
weakly or not at all. 

Experiment 19. Check each of your 
specimens to see whether it will react 
with the acid. Note the differences in re¬ 
action. Does the serpentine marble effer¬ 
vesce? Why is its effervescence so much 
weaker or completely absent? 

If you wish, a drop of acid can be 
placed on the surface of the marble for 
these experiments. However, the effer¬ 
vescence is more easily observable when 
the marble is dipped into the acid. Be 
very careful not to get any hydrochloric 
acid on your skin or clothing. 

Experiment 20. Repeat the experi¬ 
ment on the polished specimen. Is there 
a noticeable difference in the degree of 
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action of the acid on the polished and 
unpolished surfaces? 

On the polished surface the action of a 
dilute acid may be so weak that you may 
also need to listen for any indications of 
bubbling. Polishing does not protect it 
completely from the action of the acid. 

Thus, marble, although an excellent 
building material, is not suitable for ex¬ 
teriors in acid atmospheres. The marble 
would soon deteriorate and crumble. 

Experiment 21. Take a pocket knife 
or other hard instrument and pulverize 
some of the marble of one of your speci¬ 
mens. Apply weak acid to the powder. 
The chemical action is increased sharply 
because of the greater surface exposed to 
the acid. 


COLOR 

Experiment 22. What produces the 
color in marble? Pure white marble con¬ 
sisting of pure calcite or dolomite is not 
as common as colored marbles. Most mar¬ 
bles contain some impurity characteristic 
of its place of origin and these impurities 
are responsible for the variety of colors 
found in marble. 

The most common impurities are the 
silicates, which show up as light streaks 
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in the darker marbles. These streaks may 
be produced by the folding movement of 
the marble beds or fractures into which 
impurities have penetrated. They produce 
the beautiful marbling effect that you see 
in decorative marbles. The color depends 
upon the impurity. 

Red, pink or reddish brown colorings 
are due to either manganous oxide 
(MnO) or to hematite, an iron oxide 
(Fe 2 C> 3 ). Iron minerals also produce 
green marble. Magnetite, another iron 
compound, a combination of ferrous and 
ferric oxides, (FeOFe 2 03 ) or (Fe 3 04 ), 
produces black marble. Carbonaceous ma¬ 
terials mixed with limestone produce 
blacks and grays. Limonite (HFe0 2 ) 
gives the brown, orange and yellow colors 
to rock. Pale yellow colors are due to the 
presence of pyrite, an iron sulfide (FeS 2 ). 

Observe the colors of your marble 
pieces. You will notice that iron in some 
form is responsible for most of the colors. 

Experiment 23. Is the color uniform 
in your specimens? Are any of them 
streaked? Notice the variegated coloring 
of the red and pink marbles. Some vari¬ 
eties of marble are mottled as a result of 
directional pressure that was exerted dur- 
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ing their formation. Either the black or 
red specimen may show this mottling. 

Experiment 24. Wet each of your 
samples and see how this brings out the 
color, and then how quickly they become 
dull again on drying. 

Experiment 25. Look at your polished 
sample. Note how bright and distinct the 
colors appear as compared to the unpol¬ 
ished surface. 


POLISHING 

All marble used for buildings and for 
decorative purposes are polished. 

Experiment 26. You may want to 
polish one of your samples. It can be done 
easily and inexpensively. Select a speci¬ 
men that has a fairly flat surface. 

Obtain emery cloth from a hardware 
store in grades coarse, medium and fine. 
Tack the emery cloth to a wooden board 
and dampen it. Holding the specimen to 
be polished firmly in your hand, rub it 
against the abrasive surface. 

Starting with the coarse grade of emery 
cloth, replace it with the medium and 
then the fine grade as the marble is 
smoothed down, using water or oil as a 
lubricant. Wipe away the grains of mar- 


18 


ble as you go along to prevent scratching 
the surface. 

Be sure that the surface is completely 
smooth before starting the next step. 
Washing the specimen between opera¬ 
tions will help. Wet a piece of chamois 
skin or other polishing cloth and rub the 
stone with a small amount of fine scouring 
powder. Rub until the stone shows a high 
polish. 

Shape the edges into a square, circle or 
other desired form by rubbing and grind¬ 
ing down with the emery cloth in the 
same way. 

Beautiful polished marbles are used 
today as in the days of the ancient Greeks 
for our finest buildings. It is one of the 
most enduring of building materials as 
attested to by the Greek Parthenon built 
about 438 B.C. and the Roman Coliseum 
about 500 years later, original parts of 
which are still standing. 

Many books have been written on rocks 
and minerals. For the younger child the 
following two books will be helpful: 

Schneider, Rocks, Rivers and Earth, 
Young Scott Books, $3.50. 
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Jensen, David E., My Hobby Is Collect¬ 
ing Rock r and Minerals, Hart Book Co., 
$3.95. 

Excellent sources for otners ..re: 

Bowles, Oliver, Garble. Bureau of 
Mines Information Cirmlar 7829, U. S. 
Dept, of the Interior lay 58. 

Pough, Frederick H., A Field Guide to 
RocL> and Minerals, Houghron Mifflin 
Co, $4.50. 

Spock, Le. E, Guide to she Study of 
Rocks, Harper & Brothers, $4.50. 

Appreciation is expressed to Dr. W. W. 
Wyatt, p rofessor of Education, College of 
Educau m, Department of Curriculum 
and Instruction, the University of Ten¬ 
nessee Knoxville, Tenn, who cooperated 
in the preparation of this unit. 
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